CLAIMS 




A fusion protein coftiprising 
to a single epitope 
containing segment comprisi 
epitopes . 



eat shock protein fused 
egment, the epitope- 
or more identical 




^Th^fusion protein of Claim 1 wherein the heat shock 
protein isuBirgui^tin and the fusion protein is a 
ubiquitin fusion prot§i*w^^ 

The ubiquitin fusion protein of Claim / wherein the 
epitope-containing segment is fused to ubiquitin at a 
fusion site selected from the group consisting of the 
N- terminus, the C- terminus and an internal fusion site 



The ubiquitin fusion protein of Claim 2 wherein the N- 
^Irminal residue of/ubiquitin is a residue other than 
methionine, and bfie N- terminal residue other than 
methionine is fused to the C-terminal residue of a 
second, unmodified ubiquitin protein. 

The ubiquitin fusion protein of Claim 2 wherein the N- 
terminal residue of ubiquitin is a residue other than 

^thionine, and the N- terminal residue other than 
methionine is fused to the C-terminal residue of a C- 
termin^l ubiquitin subdomain competent to specify 
cleavage by a ' ubiquitin-specif ic protease between the 
C-terminal residue of the C-terminal ubiquitin 
subdomain and tfr^ N- terminal residue other than 
methionine . 

The ubiquitin fusion prob^in of Claim 5 wherein at 
least one epitope -containin^ssegment is positioned 
between the C-terminal residue\>f the C-terminal 



ubiquitin subdomain and the N-terminal residue other 
than methionine, and the C- terminus of the C- terminal 
subdomain is modified to inhibit cleavage by a 
ubiqu itin- specific protease. 

I 

The ubiquitin fusion protein of Claimy2f which is post- 
translationally modified by the addition of fatty acids 
to enhance immunogenicity . 

The ubiquitin fusion protein of Claim ft wherein the 
epitope -containing segment contains from about 2 to 
about 30 epitopes. 

i/ 

The ubiquitin fusion protein of Claim £ wherein the 
identical epitopes are B cell epitopes. 

I 

The ubiquitin fusion protein of Claim ^wherein the 
identical epitopes are T cell epitopes. 

I 

The ubiquitin fusion protein of Claim ^ wherein the 
identical epitopes are structural mimics of 
biomolecules 

The ubiquitin fusion protein of Claim 1 wherein the 
identical epitopes are microbial epitopes. 

The ubiquitin f usiortTprbtein of Claim 2 wherein the 
identical epitopes ^ a^g/self epitopes. 

1/ 

The ubiquitin fusion protein of Claim ft wherein the 
identical epitopes represent epitopes from the proteins 
selected from the group consisting of gonadotropin 
releasing hormone, tumor necrosis factor, 
immunoglobulins, human immunodeficiency virus proteins, 
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chorionic gonadotrophin, inhibin, growth hormones and 
sperm proteins. 

The ubiquitin fusion protein of Claim M wherein the 
identical epitopes which comprise the plurality of 
identical epitopes are gonadotropin releasing hormone 
epitopes . 



ubiquitin fusion protein of Claim 2 wherein 
interna^&ision sites comprise regions of ubiquitin 
linking two domalT^-OLf^s^ondary structure, the two 
domains of secondary structur^bQing selected from the 
group consisting jS- strand and a-helix> 
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The ubiquitin fusion protein of Claim / wherein the 
epitope-containing segment is fused to the C-terminus 
of ubiquitin and the C-terminus of ubiquitin* is 
modified to inhibit cleavage of the ubiquitin fusion 
protein by a ubiquitin-specif ic protease. 

15 

The ubiquitin fusion protein of Claim ifi wherein the C- 
terminus of ubiquitin is modified at amino acid 76. 

Ik 

The ubiquitin fusion protein of Claim pi wherein the 
modification at amino acid 76 of ubiquitin is a 
substitution of an amino acid selected from the group 
consisting of:, alanine, valine, and cysteine for the 
wild-type glycine amino acid residue. 



A fusion protein cbqjp^^ing a heat shock protein fused 
to two or more non-corm^gufeus epitope-containing 
segments, each epitope -cohtlaining segment comprising 
one or more identical >r jzorN4xlentical epitopes. 
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lefusion protein of Claim 20 wherein the heat shock 
protein i^3-sibi^uiti.n and the fusion protein is a 
ubiquitin fusion protein: 
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The ubiquitin fusion protein of Claim 21 wherein the 
non- contiguous epitope-containing segments are fused to 
ubiquitin at fusion sites selected from the group 
consisting of the\ N-terminus , the C-terminus and 
internal fusion sites. 



The ubiquitin fusion prottein of Claim 21 wherein the N- 
terminal residue \ofi ubiquitin is a residue other than 
methionine, and tfyel N- terminal residue other than 
methionine is fused jtp^the C- terminal residue of a 
second, unmodif ied^biquitin protein. 




The ubiquitin fusion protein of Claim 21 wherein the N- 
terminal residue of ubiquitin is a residue other than 

hionine, and the N- terminal residue other than 
metnispnine is fused to the C-terminal residue of a C- 
terminaSL ubiquitin subdomain competent to specify 
cleavage oy a ubiquitin-specif ic protease between the 
C-terminal V^sidue of the C-terminal ubiquitin 
subdomain and ^bhe N- terminal residue other than 
methionine . 



25. The ubiquitin fusion Protein of Claim 24 wherein at 
least one epitope-contafking segment is positioned 
between the C-terminal residue of the C-terminal 
ubiquitin subdomain and the Nonterminal residue other 
than methionine, and the C-termirms of the C-terminal 
subdomain is modified to inhibit cleavage by a 
ubiquitin-specif ic protease. 




The ubiquitin fusion protein of Claim 21 which is post- 
translationally Imodif ied by the addition of fatty acids 
to enhance immuoogenicity . 

The ubiquitin fusion protein of Claim 21 wherein the 
epitope-containinn segments contain from about 1 to 
about 3 0 epitopes 

The ubiquitin fusion protein of Claim 21 wherein one 
epitope-containing segment contains at least one B cell 
epitope and one T pell epitope. 

The ubiquitin fusion protein of Claim 21 wherein one 
epitope-containing \segments contains at least two B 
cell epitopes. 

The ubiquitin fusiori protein of Claim 21 wherein one 
epitope-containing segments contains at least two T 
cell epitopes. 

The ubiquitin fusion brotein of Claim 21 wherein one or 
more epitopes contained within the epitope-containing 
segments are str uctural m imics of biomolecules . 



The ubiquitin fusion protein of 
more epitopes conti 
segments are microbial ^pitc 



)Claim 21 wherein one or 
:he epitope-containing 



The ubiquitin fusion 
more epitopes contained 
segments are seljr epitope 



;ein of Claim 21 wherein one or 
/ithin the epitope-containing 
Is . 



The ubiquitin fusion protein of Claim 21 wherein one or 
more epitopes contained w .thin the epitope-containing 
segments represent epitopes from the group of proteins 



7 



37. 
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selected from thk group consisting of gonadotropin 
releasing hormone, tumor necrosis factor, 
immunoglobulins, human immunodeficiency proteins, 
chorionic gonadotr^phin, inhibin, growth hormones and 
sperm proteins . 



n of Claim 21 wherein one or 
thin the epitope -containing 
s from gonadotropin releasing 



35. The ubiquitin fustLo 
more epitopes confta 
segments represent e 



hormone , 




^he ubiquitin fusion protein of Claim 21 wherein the 
internM-^usion sites comprise regions of ubiquitin 
linking two abmaj^ of secondary structure, the two 
domains of secondar^&t^ucture being selected from the 
group consisting j3-strand and--o^helix. 

The ubiquitin fusion protein of Claim 21 wherein one 
epitope -containing segment comprises a single B-cell 
epitope or a plurality of identical or non- identical B- 
cell epitopes and\a second epitope-containing segment 
comprises a single\ T-cell epitope or a plurality of 
identical or non-identical T-cell epitopes. 



38. The ubiquitin fusion\ protein of Claim 21 wherein at 

least one epitope-containing segment is fused to the C- 
terminus of ubiquitim and the C-terminus of ubiquitin 
is modified to jja^r±EiV^eav^qe of the ubiquitin fusion 
protein by a ubiqu\tin\- specif/c protease. 



39. The ubiquitin fusion 
terminus of ubiquitin 



pr^pt^ln of Claim 38 wherein the C- 
modified at amino acid 76 



40. The ubiquitin f usiorv^protiein of Claim 21 wherein the 
modification at amino aciji 76 of ubiquitin is a 



* 



substitution of an 
consisting of: alan 
wild-type glycine a 




o acid selected from the group 
ine, and cysteine for the 
acild residue. 



41. A fusion protein comprising a heat shock protein fused 
to a single ep^tx>pe- containing segment comprising two 



or more identical &r non 
epitope -containing segm 
shock protein at fusion 
consisting of the N-termi 
site . 



tical epitopes , the 
ing fused to the heat 
(elected from the group 
d an internal fusion 




42. Tfte-4[usion protein of Claim 41 wherein the heat shock 
protein^s-oabiquitin and the fusion protein is a 
ubiquitin fusion TJretain. 
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The ubiquitin fusion protein of Claim 42 wherein single 
epitope -containing\ segment contains from about 2 to 
about 30 identical pr non-identical epitopes. 



The ubiquitin £usion\ p>s^tein of Claim 42 wherein the N- 
terminal residue \>f ubiquistin is a residue other than 
methionine, and tHe N^tertpclnal residue other than 
methionine is fusea tq ^trie C-terminal residue of a 
second, unmodified ubibuitin protein. 



The ubiquitin fusion protein of Claim 42 wherein the N- 
N ^soninal residue of ubiquitin is a residue other than 
methionine , and the N- terminal residue other than 
methionineNis fused to the C-terminal residue of a C- 
terminal ubiqui^n subdomain competent to specify 
cleavage by a ubiqiKtin- specific protease between the 
C-terminal residue of Ts{ie C-terminal ubiquitin 
subdomain and the N-termih^l residue other than 
methionine . \ 
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The ubiquitin fusion protein of Claim 45 wherein at 
le&st one epitope -containing segment is positioned 
be tweeri^the^C- terminal residue of the C- terminal 
ubiquitin subctomain and the N- terminal residue other 
than methionine />sq^d the C-terminus of the C-terminal 
subdomain is modified^feQ inhibit cleavage by a 
ubiquitin-specif ic proteas^ 



47. The ubiquitin fusilpn protein of Claim 42 which is post- 
translationally modified by the addition of fatty acids 
to enhance immunogebicity . 

48. The ubiquitin fusion protein of Claim 42 wherein the 
epitope -containing aegment contains at least one B cell 
and one T cell epitope. 

49. The ubiquitin fusion protein of Claim 42 wherein the 
epitope-containing segment contains at least two B cell 
epitopes . 

50. The ubiquitin fusion ptotein of Claim 42 wherein the 
epitope-containing segment contains at least two T cell 
epitopes. 
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The ubiquitin f usdjDR-prdjj^^ Claim 42 wherein the 

epitope-containing segment contains epitopes which are 
structural mimics ox\ bion|plecul£s . 



52. The ubiquitin fusion 
epitope-containing sec 
microbial epitopes . 



>rotJ 
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53. The ubiquitin fusion protein of Claim 42 wherein the 



of Claim 42 wherein the 
contains epitopes which are 



epitope-containing segment 
self epitopes . 



contains epitopes which are 



54 . The ubiquitin fusion protein of Claim 42 wherein the 
epitope-containing segment contains at least one 
(epitope from proteins selected from the group 
consisting of gonadotrophin releasing hormone, tumor 
necrosis factor, immunoglobulins, human 
immunodeficiency vArus proteins, chorionic 
gonadotrophin, inhi^in, growth hormones and sperm 
proteins . 



55. The ubiquitin fusion 
epitope-containin 
gonadotropin releasing 



iein of Claim 42 wherein the 
fient contains epitopes from 
(hormone . 



56. The ubiqm.tin fusion protein of Claim 42 wherein the 
internal fusa^n^site comprises a region of ubiquitin 
linking two regionsolS-aQCondary structure selected 
from the group consisting of^^stjj^nd and Qf-helix. 

57. The ubiquitin fusion protein of Claim 42 wherein the 
epitope-containing segment contains a single B-cell 
epitope or a plural ilfydf identical or non- identical B- 
cell epitopes and a\\sdconld epitope-containing segment 
comprises. a single T^ceLI epitope or a plurality of 
identical or non-idep^aAcal T-cell epitopes. 



58. A fusion protein^eomprising a h£at shock protein fused 
to a single epitope -c^fe^ining seginent comprising one 
or more identical or non-id^mtj^al epitopes, the 
epitope-containing segment b<ping f^s&d to the heat 
shock protein at the N- termiAus^o^^h^hQat shock 
protein. 



59. ^Ehe fusion protein of Claim 58 wherein the heat shock 
protel^is ubiquitin and the fusion protein is a 
ubiquitin fu^iqr^ protein . 
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The ubiquitin fusion protein of Claim 59 wherein the 
epitope -containing\ segment contains from about 1 to 
about 30 epitopes 



The ubiquitin fusi om pr otein of Claim 59 wherein the N- 
terminal residue ofUibiqhitin is a residue other than 
methionine, and the WAterrntLnal residue other than 
methionine is fused lto\ th^ C- terminal residue of a 
second, unmodified ub>quitin protein. 

The ubiquitin fusion protein of Claim 59 wherein the N- 
^rminal residue of ubiquitin is a residue other than 
methj^pnine, and the N- terminal residue other than 
methiortine is fused to the C-terminal residue of a C- 
terminal ubiquitin subdomain competent to specify 
cleavage by aNabiquitin-specif ic protease between the 
C-terminal residue* of the C-terminal ubiquitin 
subdomain and the N-b^rminal residue other than 
methionine . 

The ubiquitin fusion protein c$£ Claim 62 wherein at 
least one epitope-containing segment is positioned 
between the C-terminal residue of tlk, C-terminal 
ubiquitin subdomain and the N-terminal x ^esidue other 
than methionine, and the C- terminus of the\C- terminal 
subdomain is modified to inhibit cleavage by* 
ubiquitin-specif ic protease, 

The ubiquitin fusion protein of Claim 59 which is post- 
translationally mod ified by the addition of fatty acids 
to enhance immunogenicity^ 



The ubiquitin fusior 
epitope-containing 
epitope and one T eel! 



in of Claim 59 wherein the 
fient contains at least one B cell 
pitope . 






The ubiquitin fusion protein of Claim 59 wherein the 
epitope-containingr segment contains at least two B cell 
epitopes. \ 

The ubiquitin fusion protein of Claim 59 wherein the 
epitope -containing segment contains at least two T cell 
epitopes. \ 

The ubiquitin fusion protein of Claim 59 wherein one or 
more epitopes contained within the epitope-containing 
segment is a structural mimic of a biomolecule. 

The ubiquitin fusion protein of Claim 59 wherein one or 
more epitopes contained within the epitope-containing 
segment is a microbial epitope. 

The ubiquitin fusion protein of Claim 5 9 wherein one or 
more epitopes contained Within the epitope-containing 
segment is a self epitope. 

The ubiquitin fusion proqein of Claim 59 wherein one or 
more epitopes contained within the epitope-containing 
segment represents ^aarneprxHoge from the group of 



proteins selected from thel groto consisting of 
gonadotropin releasing hormone, Yumor necrosis factor, 
immunoglobulins, humam immunodef ijciency proteins, 
chorionic gonadotrophiny inhibi^f, growth hormones and 
sperm proteins. \ \X 

The ubiquitin f usion_p^otein \of Claim 59 wherein one or 
more epitopes contained withiln the epitope-containing 
segment represents an epitope! from gonadotropin 
releasing hormone. 
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The ubiquitin fusio; 
epitope- containing 
epitope or a plura 
cell epitopes and a 
comprises a single 
identical or non-ide 



protexn of Claim 59 wherein the 
igment contains a single B-cell 
^g>£ identical or non- identical B- 
epitope- containing segment 
.1/epitope or a plurality of 
T-cell epitopes. 




construct encoding a fusion protein of Claims 20, 




75. A cell containing a DNA^CQQ^truct encoding a fusion 
protein of Claims 1, 20, 41 

76. A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

a) providing a ubiquitin fusion protein comprising 
ubiquitin fused to a single epitope-containing 
segment, the epitope-containing segment comprising 
two or more identical epitopes; and 

b) administering the fusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 



77. A method for stimulating an immune response in an 

animal, the immuneX response being directed toward a 



ubiquitin fusion p 
(a) providing a 

ubiquitin fu&ed 
epitope -contain^ 
containing s 
identical or 

(b) 



pteii 



the method comprising: 
itin fusion protein comprising 
or more non -contiguous 
ments, each epitope- 
iprising one or more 
ical epitopes; and 
administering the VEusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 



to 
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lent: 



A method for stimulating an immune response in an 
animal, \ the immune response being directed toward a 
ubiquitAn fusion protein, the method comprising: 

(a) providing a ubiquitin fusion protein comprising 
ubiquitin fused to a single epitope-containing 
segment comprising two or more identical or non- 
identtLcal epitopes, the epitope-containing 
segments being fused to ubiquitin at fusion sites 
selecued from the group consisting of the N- 
terminus and an internal fusion site; 

(b) administering the fusion protein of step a) to an 
animal under conditions appropriate for the 
stimulation of an immune response. 



A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 
(a) providing \a ubiquitin fusion protein comprising 
ubiquitin fused to a single epitope-containing 
segment comprising one or more identical or non- 
identical epitopes^the epitope-containing segment 
being fusec^to ubiquitin at N- terminus of 
ubiquit 

administering the^-fusion protein of step a) to an 



(b) 



animal unlder 
stimulatdjc 



mditions appropriate for the 
nmune response. 



A method for fetimy^&ting an immune response in an 
animal, the immune Response being directed toward a 
fusion protein, thelmethod comprising: 

a) providing a DNA\ construct encoding a fusion 
protein of Clainte 1,, 20, 41 or 58; 

b) introducing the EDNA construct of step a) into the 
cells of the animlpl under conditions appropriate 
for expression . 
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A ubiquitin fusion protein comprising ubiquitin having 

the peptide QHWSYGLRPGQHWSYGLRPGQHWSYGLRPGQHWSYGLRPGC^ 
Lused via its N terminus to the C-terminal residue of 
ubiquitin, the ubiquitin fusion protein being cleavable 
by a uis^iqui tin- specif ic protease. 

82. The fusion protein of Claim 81 conjugated to an 
immunogenic carrier protein. 

83. A ubiquitin fusion protein comprising ubiquitin having 
the peptide QHWSYGLRPGQ^WSYGLRPGQHWSYGLRPGQHWSYGLRPG^ 00 
fused via its N terminus tsq the C-termihal residue of 
ubiquitin, the ubiquitin morety being modified such 
that the ubiquitin fusion protean is non-cleavable by a 
ubiquitin-specif ic protease. 

84. A method for stimulating an immune response in an 
animal, the immune response being directed toward a 
ubiquitin fusion protein, the method comprising: 

(a) providing a ubiquitin fusion protein comprising 
ubiquitin having the peptide sd& V° ^ 
QHWSYGLRPGQHWSYGLRPGQHWSYGLRPGQHWSYGLRPGC^f used 
via its N teminus to the C-terminal residue of 
ubiquitin; and 

(b) administering the conjugate of step (a) to an 
animal under conditions appropriate for the 
stimulation^bf Vn immune response. 



85. The method of CL 

consequences of^akmmi\ 
substantially simi! 
castration . 



wherein the physiological 
ration to the animal are 
to the consequences of surgical 



86. A method for the identification of antibodies in 
experimental or diagnostic samples, comprising: 
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a) providtLng a ubiquitin fusion protein of selected 
from trie group consisting of ubiquint fusion 
proteins described in Claims 1, 20, 41 and 58; 

b) providing antibodies from an experimental or 
clinical \source; 

c) forming am incubation mixture comprising the 
ubiquitin iCusion protein of step a) and the 
antibodies! of step b) ; and 

d) detecting binding of the antibodies of step b) to 
the ubiquitan fusion protein of step a) . 



ry 
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87. A method for reducing levels of a predetermined protein 
in an animal relative to base-line levels, comprising: 

a) providing a ubiquitin fusion protein of selected 
from the group consisting of ubiquitin fusion 
proteins described in Claims 1, 20, 41 and 58 
which contain lat least one epitope representing an 
epitope from the predetermined protein and 

b) administering the fuj^ion protein of step a) to the 
animal under c^drftions/ appropriate for the 
stimulation^of lan immune response. 

88. The method of c|aim kl wherein the predetermined 
protein is a peptide Jheiffmone . 



89. The method of^Claim 88 wherein the predetermined 
peptide hormone is a rnalevspecif ic or female-specific 
peptide hormone> 

90. The method of Claim 89 Wherein the predetermined 
peptide hormone is gonadotropin releasing hormone. 



91. The method of Claim 87 wierein the predetermined 
protein is tumor necrosis factor. 



• 
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92. The method of Claim 87 wherein the predetermined 
protein is a \growth hormone protein. 

"93. The method of \Claim 87 wherein the fusion protein is 
conjugated to a non-ubiquitin carrier protein. 



94. A method for reducing levels of a predetermined protein 
in an animal relative to base-line levels, comprising: 

a) providing al DNA construct encoding a ubiquitin 
fusion protein of selected from the group 
consisting oc ubiquitin fusion proteins described 
in Claims 1,\20, 41 and 58 which contain at least 
one epitope Representing an epitope from the 
predetermined! protein; and 

b) introducing the DNA construct of step a) into the 
cells of an anumal under conditions appropriate 
for the expression and stimulation of an immune 
response . 

95. The method of Claim 194 wherein the predetermined 
protein is a peptide! hoofmone , 



96. The method 5 of QLaim 95 wherein the predetermined 



97. 



peptide hormone 
peptide hormone 



is a vc&te- specif ic or female-specific 



The method of (Claim 961 wheifein the predetermined 
peptide hormona is gonadotropin releasing hormone 



98. The method of Claim 94 fy herein the predetermined 
protein is tumor necrosite factor. 



99. The method of Claim 94 wHerein the predetermined 
protein is a growth hormone protein. 
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100. The method 
conjugate 





94 wherein the fusion protein is 
bn-ubiquitin carrier protein. 
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